Abstract. The prognosis of non-small cell lung cancer (NSCLC) is poor, particularly for patients with metastatic disease. Numerous efforts have been made to improve the prognosis of these patients; however, only a small number of studies have explored the occurrence rate and prognostic value of different patterns of distant metastasis (DM) in NSCLC systematically. To investigate these, information from patients diagnosed with NSCLC between 2010 and 2014 was collected from the Surveillance, Epidemiology and End Results database. Survival rate comparisons were performed using Kaplan-Meier analysis and log-rank tests. A Cox proportional hazard model was established to determine factors associated with improved overall survival (OS) and cancer-specific survival (CSS). The present study revealed that the most common site of single metastasis occurrence was bone, and the least common was the liver for NSCLC. As for multi-site metastases, the most common two-site metastasis involved bone and lung, and the most common three-site metastasis involved bone, liver and lung. As for NSCLC subtypes, large cell carcinoma (LCC) exhibited more specific metastatic features. The most common single metastatic site was the brain for patients with LCC, and the most common two-site metastatic combination was bone and liver. Patients with isolated liver metastasis exhibited the worst OS and CSS among patients with single metastasis. Furthermore, for patients with multi-site metastases, metastases involving the liver were associated with the worst OS and CSS among various combinations. To the best of our knowledge, the present study is the first to investigate the occurrence rate and prognostic value of different metastatic patterns of site-specific DM for NSCLC using a large population-based dataset. The findings of the present study may have vital implications for classifying patients with advanced NSCLC, thus laying a foundation for individualized precise treatment.
Introduction
Lung cancer is a globally widespread disease and a leading cause of cancer-associated mortality, with ~1.6 million cases of lung cancer-associated mortality per year (1) . Non-small cell lung cancer (NSCLC) accounts for ~85% of all primary cases, the majority of which present with advanced and unresectable disease at diagnosis, which is associated with a poor prognosis (2, 3) . In the past few years, targeted therapy and immunotherapy have led to promising results in patients with advanced NSCLC (4) . However, the presence of distant metastasis (DM) remains a cause of high mortality in the majority of patients with NSCLC (5, 6) .
Out of all newly diagnosed NSCLC cases, ~40% present with metastatic disease at diagnosis (7) , and the majority of these patients have a low 5-year survival rate (8) . A previous study reported that patients with NSCLC with multi-site metastases exhibit worse outcomes than patients with a single metastatic site (9) . Additionally, some studies have observed poor survival in patients with liver metastasis (10, 11) . However, for the majority of these studies, the main limitation was that the sample size was too small.
The most frequent metastatic site of NSCLC is bone, followed by the lung, brain, liver and adrenal glands (5) . Sex, age at diagnosis and histological subtypes can effectively influence the metastasis of NSCLC (6) . However, the clinical associations and prognostic values of site-specific metastases have not been well studied. Only a limited number of studies have been conducted to investigate the various metastatic patterns, and their occurrence rate and prognosis in NSCLC and its subtypes (5, 6) .
Therefore, studying the metastatic patterns is crucial for the management and treatment of clinical NSCLC cases. In the present study, which was based on the Surveillance, Clinical associations and prognostic value of site-specific metastases in non-small cell lung cancer: A population-based study ZIHAN Epidemiology and End Results (SEER) database, different metastatic patterns, and their incidence rates and influence on survival of patients with NSCLC were analyzed. The aim of the present study was to assess the occurrence patterns and prognostic value of site-specific DM for NSCLC.
Patients and methods
Patient selection. Specific data were collected from the SEER-18 registry of the US National Cancer Institute (12) . The clinical information of ~34.6% of patients with cancer within the US are precisely collected and organized in the SEER database. The diagnosis time of selected patients was limited to the period between 2010 and 2014, since information regarding metastatic sites was not available prior to that period. The eligible patients were selected using the SEER * Stat v8.3.5 software (https://seer.cancer.gov).
To identify patients with NSCLC, cases with a primary site of 'lung and bronchus' were selected. Diagnosis was confirmed microscopically and only one primary tumor was identified. According to histological type, NSCLC cases were classified as: Adenocarcinoma (AD; histological Statistical analysis. In the present study, patients with metastatic NSCLC were sorted according to metastatic site, including bone, brain, liver and lung. Overall survival (OS; defined as the time from diagnosis to mortality due to any reason) and cancer-specific survival (CSS; defined as the time from diagnosis to NSCLC-associated mortality) were set as primary endpoints of the present study. Comparison of the associations between clinicopathological characteristics and different metastatic sites was achieved using a χ 2 test. Curve plotting and analysis of survival were accomplished by the Kaplan-Meier method and log-rank tests, respectively. Multivariate analyses and hazard ratios with corresponding 95% confidence interval (CI) on behalf of the prognostic factors affecting OS and CSS were carried out using a Cox proportional hazard model. All tests were performed using SPSS Statistics v21.0 software (IBM Corp., Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Patient characteristics.
From the SEER database, 108,464 patients diagnosed with NSCLC between 2010 and 2014 were identified. Details of the selection procedure are shown in Fig. 1 . Within the identified group, 51,788 patients (47.7%) exhibited DM at diagnosis. Table II . For patients with and without bone metastasis, the distribution of age (P= 0.002) and ethnicity (P<0.001) were significantly different. The same phenomenon was observed for patients with brain and lung metastases (all P<0.01) but not for patients with liver metastasis (P>0.05). In addition, the distribution of sex, clinical T/N stage, tumor grade and histology were significantly associated with metastasis at these four metastatic sites (all P<0.001).
Frequency differences among different metastatic patterns. Fig. 2 shows the proportion of different metastatic combination patterns for the included patients with site-specific metastasis. A total of 8,654 (22.3%), 7,699 (19.9%), 6,109 (15.8%) and 2,264 (5.8%) patients presented with isolated bone, lung, brain and liver metastasis at the time of diagnosis, respectively ( Fig. 2A ). Among patients with two metastatic sites, bone and lung metastasis was the most common combination, and brain and liver metastasis was the least common combination, accounting for 7.4 and 1.4% of all metastatic cases, respectively ( Fig. 2B) . The frequency of three-site metastasis combination was low. The most common three-site metastasis combination comprised bone, liver and lung, accounting for 3.1% of all metastatic cases (Fig. 2C) . Four-site metastasis was relatively rare, and was diagnosed in 652 (1.7%) patients (Fig. 2D) . Notably, patients with NSCLC who presented with bone metastasis were more likely to exhibit multi-site metastases.
Metastatic features based on different NSCLC subtypes.
Subsequently, the metastatic characteristics of patients with different NSCLC subtypes were investigated (Fig. 3) . The results revealed that the most common single metastatic site was bone for patients with AD and ASC, accounting for 36.13 and 42.08%, respectively. For patients with SQCC and other subtypes, single lung metastasis was most common, accounting for 37.68 and Lung metastasis (%) 43.09%, respectively. Notably, in patients with LCC the most common single metastatic site was the brain, accounting for 37.57%. The most common two-site metastasis combination was bone and lung, accounting for 28.79% of patients with AD, 28.51% of patients with SQCC, 27.37% of patients with ASC and 24.29% of patients with other subtypes. However, the most common two-site metastasis combination for patients with LCC was bone and liver, accounting for 26.42%. For three-site metastasis, bone, liver and lung was the most common combination for all subtypes, accounting for 30.77 (AD), 38.85 (SQCC), 31.94 (ASC), 34.86 (LCC) and 37.93% (other subtypes).
Survival analysis for different metastatic patterns of NSCLC.
Differences in the prognosis of patients with different metastatic patterns were evaluated by Kaplan-Meier analysis. OS and CSS were compared among patients with NSCLC with different metastatic sites (Fig. 4) . Patients with two-site metastasis exhibited better OS and CSS than those with three-or four-site metastasis, but exhibited worse OS and CSS than patients with single metastasis (P<0.001; Fig. 4A and B) . There was no significant difference in survival identified between patients with three-and four-site metastasis (P=0.380). Among patients with a single metastatic site, patients with isolated lung metastasis exhibited the best outcome, followed by single brain and bone metastasis (all P<0.001). Isolated liver metastasis was associated with the worst outcome (P<0.001; Fig. 4C and D) . For two-site metastasis, patients with liver-combined metastasis exhibited worse OS and CSS compared with patients with other metastatic patterns (all P<0.001). By contrast, no significant differences in survival among patients with bone and lung, bone and brain, and brain and lung metastases were identified (all P>0.05; Fig. 4E and F) . Additionally, no significant differences among patients with bone and liver, brain and liver, and liver and lung metastases were identified (all P>0.05; Fig. 4E and F) . Similar findings were observed in patients with three-site metastasis. Patients with bone, brain and lung metastasis exhibited improved OS and CSS compared with those with liver-combined three-site metastatic patterns (all P<0.001; Fig. 4G and H) . However, log-rank tests identified no significantly different effect on prognosis among patients with liver-combined three-site metastatic patterns. Therefore, patients with isolated liver or liver-combined metastasis exhibited a poorer prognosis than those with other metastatic patterns.
Cox regression analysis based on OS and CSS.
In multivariate analysis, increased age, being male, positive nodes, higher tumor grade and more metastatic sites were associated with worse outcomes. Additionally, patients receiving appropriate treatments, including chemotherapy, radiotherapy or surgery, had a significantly lower risk of mortality than those without treatment (Table III) . Additionally, multivariate analyses indicated that SQCC, ASC and LCC were significantly associated with decreased OS and CSS compared with AD. Among them, LCC had the highest risk of mortality referring to AD [OS: Hazard ratio (HR), 1.227; 95% CI, 1.149-1.310; CSS: HR, 1.287; 95% CI, 1.206-1.374; P<0.001 for the two endpoints; Table III] .
Notably, patients with isolated liver metastasis exhibited the worst outcomes (OS: HR, 1.385; 95% CI, 1.318-1.455; CSS: HR, 1.507; 95% CI, 1.432-1.585; P<0.001 for the two endpoints). As for multi-site metastasis, patients with liver-combined metastases exhibited a significantly higher risk of mortality than those without liver metastasis (Table IV) .
Discussion
Postmus et al (14) reported that the median OS for patients with NSCLC with DM is only 6 months. The incidence of DM of NSCLC at diagnosis is ~40%, and the most common metastatic site is the bone, followed by the lung, brain, liver and adrenal glands (5, 8) . The present retrospective study, investigating patients with NSCLC, demonstrated major differences in the frequency of metastases to one, two, three or four organs, and further identified the prognostic influence of different site-specific metastatic combinations.
Only a small number of studies have investigated the incidence of different metastatic patterns in patients with metastatic NSCLC (6, 15) . A retrospective study reported that among the 729 patients with metastatic NSCLC, 250 (34.3), 234 (32.1), 207 (28.4), 122 (16.7), 98 (13.4) and 69 (9.5%) exhibited bone, lung, brain, adrenal gland, liver and distant lymph node metastasis, respectively (5). Another study based on the Swedish Family Cancer Database demonstrated that ~38% of all deceased patients with lung cancer had one metastatic site, and 19% had two or more reported metastases (6) . However, in the present study, ~63.8% of all metastatic cohorts exhibited metastasis to one site. Ren et al (11) reported that the most common combination for two-site metastasis for AD was bone and brain (11.4%), and that for SQCC was bone and liver (11.8%). However, in the present study, the most common two-site metastatic combination was bone and lung for AD (28.79), SQCC (28.51), ASC (27.37), and other subtypes (24.29%). Bone and liver was the most common two-site metastatic combination for patients with LCC, and accounted for 26.42%. A previous study identified that the incidence of bone metastasis is as high as 34.3% in patients with metastatic NSCLC (5) . Notably, the present study revealed that patients with bone metastasis accounted for more than a half of all patients with metastatic NSCLC. However, the patients with isolated liver metastasis at the initial diagnosis accounted for 5.8%, which was lower than the 13-24% reported previously (5, 16) . In addition, the present study revealed that bone in combination with other sites accounted for most of the multi-site metastases.
In the present study, LCC exhibited specific metastatic characteristics, which were entirely different from those of other histological subtypes. The most common single metastatic site was the brain for LCC. Notably, the most common two-site metastatic combination was bone and liver, which did not involve the most common single metastatic site. This result may be associated with the averaged incidence of metastasis to each site in LCC. Analysis of single metastatic sites revealed that LCC was more frequently associated with brain and liver metastases than other histological subtypes, whereas bone metastasis was less common in LCC. Similar findings have been confirmed in another study (17) . Additionally, a previous study reported an association between liver and bone metastasis in major histological types of NSCLC, which was particularly evident in LCC (18) . This may explain why the most common two-site metastasis combination in LCC identified in the present study was bone and liver.
Only a small number of studies have reported that the differences in survival among patients with metastatic NSCLC may be associated with different metastatic patterns (5, 19) . A previous study reported that patients with NSCLC with liver metastasis exhibit worse prognosis (5) . Another study demonstrated that AD patients with liver metastasis at diagnosis have a shorter progression-free survival (PFS) and OS than those without liver metastasis (2.5 and 6.3 months, respectively) (20) . As expected, the results of the present study also confirmed that liver metastasis was associated with the worst outcomes in patients with metastatic NSCLC, which was consistent with the findings from other types of cancer (21, 22) . Notably, in the present study, the hazard ratio for isolated liver metastasis was 1.385-fold and 1.507-fold higher than that for isolated lung metastasis in terms of OS and CSS, respectively. Additionally, patients with liver-combined metastases exhibited worse survival rates than those with other metastatic patterns. Although liver metastasis accounted for the smallest number of patients with metastatic NSCLC, it is a metastatic type that is of great concern due to its poor prognosis. Previous studies have demonstrated that patients with liver metastasis gain limited therapeutic benefit with checkpoint-inhibitor monotherapy (23) (24) (25) . However, a recent phase 3 randomized trial revealed that a benefit in regard to PFS was observed with atezolizumab plus bevacizumab plus carboplatin plus paclitaxel (ABCP) in patients with NSCLC with liver metastasis subgroups (median, 7.4 months with ABCP vs. 4.9 months with bevacizumab plus carboplatin plus paclitaxel; unstratified HR, 0.42; 95% CI, 0.26-0.66) (26) . Notably, liver metastasis became Table III . Multivariate analysis of OS and CSS in patients with metastatic non-small cell lung cancer.
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value a stratified factor for improved PFS with ABCP, suggesting that patients with NSCLC with liver metastasis may be a more special subgroup and may require a specific treatment strategy. In addition, patients with isolated lung metastasis possessed the best prognosis, which was consistent with the findings of a previous study (27) . Therefore, knowledge of the prognostic effects of different metastatic sites may be valuable for classifying patients with advanced NSCLC and may serve as a reference for individualized precise treatment. Additionally, the present study investigated the prognosis of patients with metastatic NSCLC with single or multiple metastatic sites. A recent study demonstrated that metastasis to a single site is associated with significantly improved OS compared with multiple sites in patients with NSCLC (28) . It has been previously reported that the most common two-site metastatic combinations were nervous system and bone, bone and liver, and nervous system and liver, but differences in survival rates among them are unknown (6) . However, in the present study, the most common two-site metastatic combination involved bone and lung. Notably, among patients with two-site metastasis, those with liver-combined two-site metastasis exhibited worse OS and CSS than those with other metastatic patterns. Similar findings were observed in three-site metastasis. Combined two-or three-site metastasis involving liver was associated with worse OS and CSS in patients with metastatic NSCLC. Therefore, identifying patients with multi-site DM involving the liver is crucial to improve outcomes or treatment value in these specific cohorts. In addition, men and elderly patients had a shorter survival, which is consistent with previously published retrospective studies (22, 29) .
There were several limitations in the present study. First, there was lack of information regarding details of systemic treatment administered; in particular, no information regarding targeted therapy and immunotherapy was available. During the past decade, through improved understanding of the molecular and immunological features of cancer, novel targeted therapies and immunotherapies have been available to treat patients with metastatic NSCLC and have brought unprecedented survival benefits in selected cohorts (30, 31) . Second, there was a lack of information regarding co-morbidities, performance status and gene mutations. This information will be discussed in future studies. Finally, the present study only included metastatic sites associated with the bone, brain, liver and lung. Metastasis to other sites, including the adrenal glands, may also influence the outcomes of patients with NSCLC.
In conclusion, the present study demonstrated that in patients with NSCLC, bone was the most commonly targeted site for single-or multi-organ metastases. As for NSCLC subtypes, the most common single metastatic site was bone for AD and ASC, and lung for SQCC and other subtypes. Additionally, bone and lung was the most common combination for two-site metastasis for AD, SQCC, ASC and other subtypes. Notably, for LCC, the brain was the most common single metastatic site, and bone and liver were most commonly involved in two-site metastasis. The present study demonstrated that metastasis to the liver alone or in combination with other organs was a factor for poor prognosis of patients Table IV . Multivariate analysis of the association among different metastatic patterns and OS and CSS in patients with metastatic non-small cell lung cancer.
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Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value with metastatic NSCLC, while isolated lung metastasis was associated with the best outcomes. Knowledge regarding the prognostic value of different sites of DM may be valuable for classifying patients with advanced NSCLC, laying a foundation for individualized precise treatment.
